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!IECHANICAL PROPERTIES, SOLUBILITIES, AND PROCESSABILITIES IN
THE DESIG:’OF THE FIRST SUPER-STRONG LIQUID-CRYSTAL POLYMERS

by

F, Dowell
Theoretical Division

Lob ;~lamos National Laboratory

Lni\fersit:,’of California
Los Alamos. ?0!87545

Incroduc~ion:

Solidified super-strong (SS) liquid-crystalline
polymers (LCPS) are designed to be the first polymers to
have good compressive strengths, as well as to have tunsile
strengths and tensile moduli significantly greater than
existing strong LCPS (i.e. , backbone LCPS, such as Kevlar) .
These SS LCPS have also been designed with certain features
:0 g~~regood solubilities and processabilities.

SS LCPS are a class of speciallv-designed combined LCPS
in which the backbones align with ocher backbones while the
side chains of different molecules align with each other in
incerdigitated structures, leading co three-dimensional (3D)
LC ordering of the molecules. The side chains pack more or
less perpendicularly co the backbones. See Fig. 1.
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defects in the packing of the backbones and side chains of
the SS LCP molecules give rise co an effective long-range 3D
LC ordering (thus, strength) in che system.

The key feature of this new class of LCPS is 3D
exceptional strength on a microscopic, molecular level
(Khus . on a macroscopic level) , in cont~ast co present LCPS
(such as Kevlar) with their lD exceptional strengrh. While
existing strong LCPS are lhnited in technical applications
primarily to fibers in koven fabrics and composite matrices,
SS LCPS can be used to ❑ake fibers, films, and bulk
maLerials from the pure SS LCP (as well as from the SS LCP
in a composite matrix).

The theoretical prediction and design of the first SS

LCPS was mentioned by this author in Ref. 1 and has besn
detailed by this author in Refs. 2, 3, and 4(a). The author
has filed a patent application[5] on the details of the
theoretical prediction and design of the first SS LCPS. SS
LCPS were first proposed[6] and designed by this author in
1’383. At the request of a related effort at Los Alamos to
chemically synthesize some of ~hese theoretically-designed
Ss L4CPS, the author had delayed disclosure and publication
(until recently) of the details of che theoretical
prediction and design of the SS LCPS until the first
syntheses were close to completion.

The prediction and design (atom by atom, bond by bond)
of the molecule chemical structures of the first SS LCPS was
accomplished using the theory presented by this author in
Refs. 2 and L and earlier versions of this rheouy as
presented by this author in ocher papers[l,7-13~ dating back
to 1983. The cheery gives -~ery good agreement (relative

deviations between 0% and less than 6.2R) compared[2,4] with
experiment for various thermodynamic and molecular ordering
properties (including transition temperatures between
various phases, orientational ordering, and radii of

EYrflcion) for CX~StiW b~CkbOIIC L~ps Wd side-chain L~ps, os
WC1l as trcnds[ 1,2 ,lJ,/-13] in various chermodyrmmic and——
mol(’cular ordering properties as n function of pressure,
L(’nlpcril L\lrc , and dctnils of molecule chemical structure for
various I-Csystems. There are no ad hoc or arbltr,nrily

:ldjll~;t:lt~lepar:~metcrs in this theory.

ljrlll;lllcr{iMechnnicnl Prqertics:-— ———.. -.. —-..
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TABLE I. Calculated increases in mechanical properties of
severa]. theoretically-designed SS IXPS over the respective

backbone LCPS.

tensile tensile compressive
SS LCP modulus strength streng~ll

(GPa) (GPa) (GPa)

b-Ke~”-l \ s-Kev-l [NH] 506 12 12

b-Kev-l \ s-PBT-O 881 9 9

b-Kev-l \ s-PBT-1 933 10 10

b-PBO / s-PBO-1 945 10 10

*
CPa - gigapascals.

ln Lhc name abbreviations for these SS LCPS, the backbone
.Lbhreviacion (b-. ..) is given before the slash and the
:;ide-chain abbreviation (s-. ..) after the slash. The
molecule chemical structures of these SS LCPS are given here
(where dp is the degree af polymerization):

Backbones:..—— _—

Kcvl.nr-t.ypc: b-Kev-1:
+$@W+----

side
chain

b-1’no: +-p-@t:)-+-
sida
chain



-f+-

s-PBT-1: (E*:&hm ‘ - backbone

s s—

The PBO-like side-chain s-PBO-L is obtained by substituting
-O- for each -S- in s-PBT-1.

The chemical syntheses of the theoretically-designed SS
LCPS b-Kev-l / s-Kev-l [NH], b-Kev-l / s-PBT-0, and
b-Kev-l / s-PBT-1 in Table I are neaxing completion at Los
Alamos. [l&,15]

For some SS LCPS, the side chains of a molecule pack on
alternating opposite sides of the backbone, as shovn in
Fig. 1. For the SS LCPS in Table I, the side chains of a
molecule pack on the same side of the backbone.

The better the processing of the LCP, then the closer
one comes to achieving the increases in mechanical
properties shown in Table 1.

The increases in tensile strength and compressive
strength for the SS LCPS in Table I are the same, since
these increases involve the work done when an interdigitated
side chain is moved away from a second side chain and closer
to a third side chain- -up to the point of repulsion of the

first side chain out of the plane of packing, thus causing
physical failure of the sample. (Here, zhe first side chain
stnrts out interdigitated between ~he seco,ld sida chain anti
~hc third side chain.) This work is the same under tension
as ~mdcr compression. See FiR. l(a).

For comparison, l~ereare the experimental rangesl16] of
i~nlucs of mechanical properties for the backbone LCPS

Kcvlar, PBT, and PBQ: 130 to 365 GPa for ~cnsile mcdulus,

3.5 to >.8 G1’a for tensile strength, and 0,40 co 0.48 CPa
[or compressive s~:rongth. Kcvlar Is the same as b-Kev-L
wlLllout n side chain (s-, ..); PBO is the same as b-PBO
wlt!lou~ a side cliain (s-.,.); ilndPBT ]s rhe same as l?Bw,
(Jx~-opc~’v~rv -0- iu }’B()has hcen replaced hy -S- in PBT.

‘I”llv[“:111’111;1(.{.(1 I;ll-ro;l:irs Ior m(~{-llillllcill lII”r)llPul [oq 1“(11-
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SS LCPS in,Table I are consisrenc with the calculated
enhanced LC orientational and positional ordering of these
SS LCPS, as presented elsewhere[3,L(a)] by this author.

Enhanced Solubilities:

The side chains in the S5 LCPS greatly improve the
solubilicy of the backbones. The side chains are predicted
ro be soluble in most of the same common tractable solvents
in which monomeric LC molecules are soluble. The volubility
of the side chains in these solvents thus increases the
volubility of the whole ❑olecule (includirig che backbone) in
these solvents. That is, the side chains help pull the

backbones into solution.

Enhanced Processabilicies:

Each side chain in SS LCPS is canr!ected to the backbone
i’iaa partially flexible joint that is, via a small
functional chsmical group (such as -O-, -S-, -NH- , -CH2-)
rhac is connected by only a single bond to the backbone and
by only a single bond to che rest of the side chain. The

small size of this group and the semiflexibility of Lhese
single-bond connections will allow the side chain to be fold
don somewhat- -with minimum steric hindrance- -parallel to
the backbone (after the manner of spokes or ribs of an
umbrella) when linear processing (such as flow through a
pipe) of the SS LCP is required. See Fig. 2,

After linear processing is completed, the side chains

can be then be folded back ouc from the backbone so as to
pack more or less perpendicularly to the backbone such that
the LCP molecules align in the three dimensions (i.e. ,
backbones align parallel to one dimension and
the side chains align in the other two
dimensions) as required for super-strong
mechanical properties. See Fig. l(a). Fig. 2
is a higher energy state than Fig. l(a).

~)

~1

FIGURE 2. Schematic diagram shoving the side /’/
ct~ain” folded down somewhat in linear !’
processin~,
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